INTRODUCTION
============

Schizophrenia is a chronic and devastating mental illness that has been estimated to affect over 21 million people worldwide \[[@ref1]\]. The clinical management of schizophrenia has long been recognized as challenging due to patients' propensity for non-adherence to the daily dosing required for efficacy of oral atypical antipsychotic (OAT) medications. Previous studies have reported that poor adherence to and low persistence with oral medications increases the relapse rate, number of hospitalizations, and associated healthcare costs in schizophrenia patients \[[@ref2]-[@ref7]\].

With the emphasis on consistent drug treatment to reduce the rates of treatment failure and relapse among schizophrenia patients, long-acting injectable (LAIs) antipsychotics have emerged as an alternative to OAT medications. LAIs ensure a more stable level of medication in the blood compared to OAT medications, and can be administered on a biweekly or monthly basis. Paliperidone palmitate (PP), a type of LAI that has only recently become available, is a depot formulation of paliperidone, the 9-OH metabolite of risperidone. PP has a half-life of 25−49 days and is administered to patients by healthcare professionals on a monthly basis, which aids in treatment adherence and thereby reduces the relapse and hospitalization rates \[[@ref8],[@ref9]\].

Significant economic benefits of LAIs, due to the reductions in hospitalization rates, have recently been demonstrated in populations in the United States (US) and Europe \[[@ref10]-[@ref13]\]. Patients treated with PP had lower mean hospitalization costs (United States dollar \[USD\] 18,560) compared to those treated with OAT medications (USD 31,505) \[[@ref10]\]. However, relatively few studies have explored the economic impact of PP in Asia \[[@ref14],[@ref15]\]. Because the rate of LAI utilization in East Asia (15.3%) is higher than that in the US (12%) but much lower than those in many other countries (21.5% in Belgium, 24.8% in Australia, 29% in the United Kingdom, 30.4% in France, 45% in Portugal, and 50% in Austria) \[[@ref16]\], studies quantifying the economic benefits of LAIs in Asian populations are needed to aid healthcare decision-makers and providers aiming to determine the appropriate most treatments for patients with schizophrenia.

The present study compared healthcare utilization and associated costs among South Korean schizophrenia patients, all of whom were healthcare insurance beneficiaries, between the 1-year periods before and after the initiation of PP treatment using a mirror-image design. Changes in healthcare utilization and costs were analyzed separately for outpatient visits and admissions. In addition, changes in outpatient and admission costs were analyzed separately according to patients' demographic and clinical characteristics. We also compared the use of oral antipsychotics, benztropine, procyclidine, and propranolol before PP treatment and 1-year after PP treatment.

METHODS
=======

Subjects
--------

We retrospectively analyzed the medical data of 2,799 patients with schizophrenia. We obtained claims data from the Health Insurance Review and Assessment Service (HIRA) database, which contains medical information for South Korean patients, including health care utilization and costs, over a period of nearly 8 years (from July 2010 to April 2017). Identifying data were deleted from the HIRA records in accordance with the Act on the Protection of Personal Information Maintained by Public Agencies.

The inclusion criteria were as follows: a diagnosis of schizophrenia (International Classification of Disease 10th Revision Clinical Modification \[ICD-10-CM\] code F20), age between 19 and 65 years, and receipt of two or more PP injections during the study period. Patients were excluded if the injections had started during admission because there were insufficient data to conduct sensitivity analyses, or if they had incomplete data. Of the total of 2,799 patients, 1,272 were included in this analysis, following exclusion of 1,299 patients who had injections as an admission, 78 due to violation of the age criterion, and 150 due to missing data ([Fig. 1](#F1){ref-type="fig"}).

Design and Variables
--------------------

To conduct this mirror-image study, the day on which PP injections commenced was set as the "mirror point"; we then compared the number of days and costs of healthcare utilization (for outpatient prescriptions and admissions) between the 1-year periods pre- and post-PP commencement. The number of outpatient prescription days was calculated as the total number of days on which outpatient visits took place for prescriptions over 1 year, while for (psychiatric) admissions, the total number of days corresponded to the total number of bed days over 1 year. The medical costs for outpatient prescriptions and admissions were calculated in terms of patients' out-of- pocket-costs and national medical insurance costs in Korean won (KRW). All costs were recalculated to USD (KRW 1,000 = USD 0.82 \[2019 values\]).

To calculate the average daily cost, total costs for outpatient prescriptions and admissions were divided by the number of outpatient prescriptions and admission days, respectively. In addition, a categorical variable that indicated whether patients experienced an admission or made an outpatient visit before and after the start of PP ("Yes" or "No") was included in the analysis.

In order to investigate changes in side effects, we compared the daily dosages of oral antipsychotics, benztropine, procyclidine, and propranolol before PP treatment and 1-year after PP treatment. Because this was a retrospective study, the patients were not required to provide informed consent; the study protocol was approved by the Ethics Committee of Hallym University Sacred Heart Hospital (no. 2019-07-032).

Statistical Analyses
--------------------

Statistical analyses were performed using SPSS software (ver. 23.0; IBM Corp., Armonk, NY, USA). First, descriptive statistics on the patients' demographic and clinical characteristics were generated. Second, to evaluate the efficacy of PP, we tested for differences in patterns of healthcare utilization and costs before versus after the mirror point. For categorical measures, chi-squared and McNemar tests were used. For analysis of continuous measures, paired *t*tests were employed. *p* values less than 0.05 were considered statistically significant.

RESULTS
=======

Demographic and Clinical Characteristics
----------------------------------------

The mean ± standard deviation age of the patients was 44.23 ± 10.30 years; 44.0% of the patients were men. The mean ± standard deviation interval between the first diagnosis of schizophrenia and the start of PP treatment was 5.28 ± 2.15 years.

The use of oral antipsychotics during the pre- and post-PP period is described in [Table 1](#T1){ref-type="table"}. The percentage of patients who were prescribed with oral antipsychotics and their daily dosage were significantly reduced. In addition, the mean number of oral antipsychotics was decreased ([Table 1](#T1){ref-type="table"}).

Specifically, during the pre-PP period, patients were prescribed with amisulpride (n = 92), aripiprazole (n = 159), chlorpromazine (n = 21), clozapine (n = 55), haloperidol (n = 43), olanzapine (n = 171), paliperidone (n = 297), perphenazine (n = 5), quetiapine (n = 178), risperidone (n = 231), sulpiride (n = 3), and ziprasidone (n = 21).

During the post-PP period, patients were prescribed with amisulpride (n = 47), aripiprazole (n = 20), chlorpromazine (n = 12), clozapine (n = 45), haloperidol (n = 11), olanzapine (n = 72), paliperidone (n = 40), perphenazine (n = 2), quetiapine (n = 119), risperidone (n = 54), sulpiride (n = 0), and ziprasidone (n = 8).

Outpatient Prescription Days and Costs
--------------------------------------

The percentage of patients who made at least one outpatient visit was 98.9% (1,258 patients) during the pre-PP period and 100% (1,272 patients) during the post-PP period. The number of days and cost data for outpatient prescriptions are provided in [Table 2](#T2){ref-type="table"}. Outpatient prescription costs increased significantly, from USD 1,505.22 to USD 3,002.37 (t = −34.78, *p* \< 0.0001). The average daily cost changed from USD 7.56 to USD 9.03.

Outpatient Prescription Days and Costs
--------------------------------------

The percentage of patients who made at least one outpatient visit was 98.9% (1,258 patients) during the pre-PP period and 100% (1,272 patients) during the post-PP period. The number of days and cost data for outpatient prescriptions are provided in [Table 2](#T2){ref-type="table"}. Outpatient prescription costs increased significantly, from USD 1,505.22 to USD 3,002.37 (t = −34.78, *p* \< 0.0001). The average daily cost changed from USD 7.56 to USD 9.03.

Admission Days and Costs
------------------------

The percentage of patients who had experienced an admission decreased from 35.9% (329 patients) to 19.3% (177 patients, *p* \< 0.0001) after starting PP treatment. The number of days and cost data for admissions are provided in [Table 2](#T2){ref-type="table"} (n = 423). Paired *t*tests showed that patients had fewer outpatient prescriptions during the post-PP period (29.75 days) than during the pre-PP period (54.30 days, t = 5.56, *p* \< 0.0001; [Fig. 2](#F2){ref-type="fig"}). Post-PP admission costs (USD 1,748.78) were significantly lower than pre-PP admission costs (USD 2,969.53, t = 4.82, *p* \< 0.0001). The average daily cost changed from USD 54.69 to USD 58.78.

Potential Moderating Variables
------------------------------

We further investigated whether changes in outpatient and admission costs depend on sex, age, and oral drug compliance (number of outpatient days during the pre-PP period) of patients ([Table 3](#T3){ref-type="table"}). Outpatient costs after the initiation of PP treatment were significantly increased regardless of sex, age, and oral drug compliance (*p* \< 0.0001). In contrast, changes in admission costs were different according to patient's oral drug compliance (but not on sex and age). Admission costs were reduced only for those with low oral drug compliance (*p* \< 0.001), but not for those with high oral drug compliance (*p* = 0.482) ([Table 3](#T3){ref-type="table"}).

Medications for Side Effect
---------------------------

We conducted additional analyses on the daily dosages of benztropine, procyclidine, and propranolol in order to investigate changes in side effects ([Table 4](#T4){ref-type="table"}). The daily dosages for all three medications were significantly decreased (*p* \< 0.0001), implying that patients may have experienced fewer side effects after starting PP treatment compared to before.

DISCUSSION
==========

The findings of the present study revealed significant changes in patterns of healthcare utilization and associated costs during the 1-year period after versus before starting PP treatment among South Korean patients with schizophrenia. Patients accessed outpatient services more frequently post-PP commencement; outpatient prescription days increased by 133.45 days and outpatient prescription costs increased by USD 1,497.15. In contrast, the number of admission days decreased by 11.33 days and admission costs were reduced by USD 1,220.75.

Consistent with the findings of the current study, the existing literature includes reports of the efficacy of PP with respect to reducing hospitalization rates and costs in patients with schizophrenia compared to placebo \[[@ref17]\] and OAT medications \[[@ref4],[@ref10],[@ref18]\]; one of those studies involved a within-patients comparison \[[@ref9],[@ref19]\]. Our results are consistent with prior findings that once-monthly administration of PP enhances treatment adherence, ultimately reducing the economic burden associated with schizophrenia.

Notably, our findings showed that outpatient prescription days and associated costs were increased post-PP commencement. This is because patients consistently visited outpatient clinics to obtain PP, implying that their compliance improved. In a previous 12-week study, patients with schizophrenia showed improved symptoms and reduced side effects, such as extrapyramidal symptoms, when previous OAT medications were replaced with LAIs, regardless of the type of OAT medication \[[@ref20]\]. Similarly, previous studies have demonstrated that patients treated with LAIs made more outpatient visits, for regular administration of injections \[[@ref19]\] and because of their transition to outpatient treatment following early discharge from the hospital \[[@ref14]\].

The observed increase in outpatient prescription costs may be attributed to the high cost of LAIs, which has been regarded as one of the most critical factors limiting clinical use of these drugs. However, previous real-world studies comparing healthcare utilization and costs between LAIs and OAT medications showed that high prescription costs are offset by reduced healthcare expenditure in patients treated with LAIs, suggesting that the use of PP may result in greater cost savings compared to the use of OAT medications \[[@ref11],[@ref12],[@ref16]\]. Although the present study could not precisely quantify the costs of PP, we observed that a reduction in per patient per year admission costs (USD 1,220.75) could offset the increase in per patient per year prescription costs (USD 1,497.15) in PP-treated Korean patients.

So far, moderating factors in the economic impact of LAIs have been rarely investigated. In the present study, we showed that cost savings following the use of PP can depend on patients' oral drug compliance; admission costs were reduced only for those with low oral drug compliance. That is, patients with low oral drug compliance are likely to have greater economic benefits from the PP administration. The admission stays and costs at the time of oral administration might be lower for the patients with high oral drug compliance than patients with low compliance, so there would have been no significant change following the start of PP treatment. Future studies should be conducted to explore more various moderating factors in order to help evaluate the economic benefits of LAIs for patients with different clinical characteristics.

We found that patients were prescribed with less benztropine, procyclidine, and propranolol after the start of PP treatment. It is known that long-acting injections can result in more stable serum levels of the drug in the blood, thereby leading to fewer dose-related side effects compared with oral medications \[[@ref20],[@ref21]\]. In addition, a host of double-blind random clinical trials of PP injection have reported that it can provide an effective treatment for patients with schizophrenia with fewer side effects \[[@ref22]-[@ref26]\]. Consistently, the present study demonstrated that the use of PP injection had positive results in terms of safety.

The results of this study should be interpreted bearing in mind certain limitations. First, we only included patients who started PP injections during outpatient visits, thus excluding those in whom injections were started during admission (because there were insufficient data to conduct sensitivity analyses for the latter patients). Because certain clinical characteristics may differ between these two groups of patients, the generalizability of our findings is likely to have been reduced by exclusion of the latter group. Second, due to the lack of a control group, we cannot unequivocally attribute the observed changes to the effects of PP treatment. Third, outpatient-related variables were not distinguished from each other, such as medical service costs and medication costs.

This retrospective database study demonstrated that, after initiation of PP injection treatment, patients accessed outpatient services more frequently. Moreover, the daily cost of outpatient visits was significantly lower than before starting PP, indicating improved treatment adherence. Furthermore, there were fewer hospital stays and lower admission costs. The present results suggest that the high cost of prescribing LAIs may be counterbalanced by reduced admission costs. However, healthcare cost savings following the use of PP can depend on patients' clinical characteristics.
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###### 

Comparison of oral antipsychotics between pre- and post-PP period (n = 1,149)

  Use of antipsychotics                                            Pre-PP period     Post-PP period    *x* ^2^/t                                *p* value
  ---------------------------------------------------------------- ----------------- ----------------- ---------------------------------------- -----------
  Use of antipsychotics                                                                                                                         
  Yes                                                              926 (80.6)        348 (30.3)        43.31[b](#t1fn3){ref-type="table-fn"}    \< 0.0001
  None                                                             223 (19.4)        801 (69.7)                                                 
  Antipsychotics dosage (mg/day)[a](#t1fn3){ref-type="table-fn"}   413.84 ± 642.02   113.73 ± 363.48   14.30[c](#t1fn3){ref-type="table-fn"}    \< 0.0001
  Number of antipsychotics                                                                                                                      
  0                                                                223 (19.4)        801 (69.7)                                                 
  1                                                                624 (54.3)        276 (24.0)        142.05[b](#t1fn3){ref-type="table-fn"}   \< 0.0001
  ≥ 2                                                              302 (26.3)        72 (6.3)                                                   

Values are presented as number (%) or mean ± standard deviation.

PP, paliperidone palmitate long-acting injection; Pre-PP, the 1-year period before the initiation of PP; Post-PP, the 1-year period after the initiation of PP.

Chlorpromazine equivalent. ^b^ Chi-squared test for categorical variable. ^c^ Paired *t*test for continuous variable.

###### 

Comparison of healthcare utilization and costs in patients with schizophrenia

  Days and costs           Pre-PP period         Post-PP period        t        *p* value
  ------------------------ --------------------- --------------------- -------- -----------
  Outpatient (n = 1,272)                                                        
  The number of days       199.06 ± 134.03       332.51 ± 59.30        −33.94   \< 0.0001
  Total costs (USD)        1,505.22 ± 1,353.27   3,002.37 ± 1,217.12   −34.78   \< 0.0001
  Admission (n = 423)                                                           
  The number of days       54.30 ± 61.93         29.75 ± 60.63         5.56     \< 0.0001
  Total costs (USD)        2,969.53 ± 3,587.37   1,748.78 ± 3,639.64   4.82     \< 0.0001

Values are presented as mean ± standard deviation.

PP, paliperidone palmitate long-acting injection; Pre-PP, the 1-year period before the initiation of PP; Post-PP, the 1-year period after the initiation of PP; USD, United States dollar.

###### 

Comparison of healthcare utilization and costs according to patients' demographic and clinical characteristics

  Subgroups                            Pre-PP period         Post-PP period        t        *p* value
  ------------------------------------ --------------------- --------------------- -------- -----------
  Outpatient costs (USD) (n = 1,272)                                                        
  Number of pre-outpatient days                                                             
  Low (≤ 199 days)                     1,037.12 ± 1,207.30   2,788.28 ± 1,157.05   −26.89   \< 0.0001
  High (\> 199 days)                   1,903.81 ± 1,343.97   3,184.68 ± 1,237.98   −22.88   \< 0.0001
  Sex                                                                                       
  Male                                 1,567.57 ± 1,438.41   3,098.97 ± 1,271.08   −23.60   \< 0.0001
  Female                               1,456.17 ± 1,281.25   2,926.40 ± 1,168.24   −25.55   \< 0.0001
  Age (yr)                                                                                  
  Age ≤ 45                             1,487.18 ± 1,300.28   2,975.47 ± 1,323.56   −25.36   \< 0.0001
  45 \< age ≤ 65                       1,526.26 ± 1,413.42   3,033.78 ± 1,080.02   −23.79   \< 0.0001
  Admission costs (USD) (n = 423)                                                           
  Number of pre-outpatient days                                                             
  Low (≤ 183 days)                     3,740.52 ± 3,910.78   1,175.91 ± 2,977.41   8.04     \< 0.001
  High (\> 183 days)                   2,117.99 ± 2,977.48   2,381.50 ± 4,169.98   −0.71    0.482
  Sex                                                                                       
  Male                                 3,144.08 ± 4,000.03   1,871.87 ± 3,552.86   3.15     0.002
  Female                               2,840.23 ± 3,250.69   1,657.60 ± 3,707.27   3.64     \< 0.001
  Age (yr)                                                                                  
  Age ≤ 45                             2,817.43 ± 3,623.19   1,999.03 ± 3,966.86   2.37     0.019
  45 \< age ≤ 65                       3,174.87 ± 3,538.08   1,410.94 ± 3,123.49   4.81     \< 0.0001

Values are presented as mean ± standard deviation.

PP, paliperidone palmitate long-acting injection; Pre-PP, the 1-year period before the initiation of PP; Post-PP, the 1-year period after the initiation of PP; USD, United States dollar.

###### 

Comparison of benztropine, procyclidine, propranolol dosage (mg/day) between pre- and post-PP period (n = 1,149)

  Drugs          Pre-PP period   Post-PP period   t      *p* value
  -------------- --------------- ---------------- ------ -----------
  Benztropine    0.61 ± 1.37     0.31 ± 0.79      7.45   \< 0.0001
  Procyclidine   1.01 ± 2.74     0.47 ± 2.19      7.02   \< 0.0001
  Propranolol    13.26 ± 46.90   6.78 ± 21.00     4.97   \< 0.0001

Values are presented as mean ± standard deviation.

PP, paliperidone palmitate long-acting injection; Pre-PP, the 1-year period before the initiation of PP; Post-PP, the 1-year period after the initiation of PP.
